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In nonlinear systems, the first order of smallness terms of quadratic nonlinearity and the forced excitation with nonresonance frequency and the second order of smallness terms of linear friction, cubic nonlinearity, forced and parametric excitation with resonance frequencies have no effect on the oscillation in the first approximation. However, they do· interact one with another in the second approximation a.nd new nonlinear phenomena occur. The study of these phenomena, using the asymptotic method of nonlinear mechanics [1] with a digital computer, is our aim.
Interaction between the elements of quadratic nonlinearity and forced excitation themselves
Let us consider a nonlinear system governed by the differential equation 
{1.1}
where the dots indicate differentiation with respect to time, ·a, q, h and f3 are constants, r = et and e is a small dimensionless parameter characterizing the smallness of the terms behind it. The parameter e is introduced artificially and used as a book-keeping device and will be set equal to unity in the final solution. The quadratic term may be due to curvature or and asymmetric material nonlinearity. The function 10(r) is supposed to be a form d\0 dt = v(r), r = et, (1.2} where v(r) is close to the natural frequency i.e. to unity:
{1.3}
The equation {1.1} can be rewritten as:
{1.4}
A solution of this equation is sought by using the asymptotic method of nonlinear oscillation [1] x =a cosO+ eu1(a, t/>, 0) + e 2 u 2 (a, t/>, 0) + e 3 ... , 0 =I"+ .p,
where u; (a, ,P, 0) are periodic functions with period 21r with respect to both variables ,P and 0 and do not contain the first harmonics sinO, cosO. The functions A; (a,,P), B;(a,,P) are periodic with respect to the variable .p. These functions will be determined in the process of approximation calculations.
Substituting the expressions (1.5) into equation {1.4) and comparing the coefficients of e 1 we obtain -2v( r)A, sin 0-2av(r)B, cos 0 + v 2 (r) ( aa:~1 + "') = o.a 2 cos 2 0 + q cos 21"{r).
( 1.6) Comparing the harmonics in {1.6) gives:
Comparing the coefficients of e 2 in {1.4) we get which gives
So, in the second approximation we have z =a cosO+ e["; The dependence of the amplitude a on the external frequency w is presented in figure 1 for the parameters: e 2 aq = 0.063, e 2 h = 0.01, .: 2 1 = 0.08.
The stability of nontrivial stationary solutions (a f 0) of the equation (1.12) when w is constant can be studied by using the corresponding variational equations, which lead to the condition: (1] aw -a >O.
ao (1.18)
Because function W {1.16) is positive outside and negative inside the resonance curve, the stable branch of the resonance curve is the upper branch, which corresponds to the upper sign before the radical in (1.17) . Thus, between the two forms of oscillations corresponding to definite values of w, the form with large amplitude is stable and the form with small amplitude is unstable . From the expression (1.12) and (1.13) one can see that the quadratic nonlinearity (a) is always to softenize the system under consideration regardless of the sign of a:. Moreover, two elements characterizing quadratic nonlinearity ax 2 and forced excitation q cos 2<p( T) combine together and act just like a parametric excitation with an intensity aq.
The system of equations (1.12) has a trivial solution a= 0, which corresponds to a pure forced oscillation under the action of an external excitation sq cos 2tp:
( 1.19) 2. Interaction between the elements of quadratic nonlinearity and forced excitations
The system under consideration in this paragraph is governed by d.e. Here, the nonresonance forced excitation (q) is of the first order of smallness, while the resonance forced excitation (r) is of second order of smallness. These excitations have no effect on the oscillation in the first approximation, but they interact one with another in the second approximation. Similarly to the previous paragraph, the solution of the equation (2.1) The functions sin ,P and cos ,P satisfy the relationship sin 2 ,P + cos
From equation ( 1 (1)
Therefore, the condition for reality of cos ,P is that the under radical expression should not be plane with a2 ;::: """""""2"2 . (2.20) 3. Interaction of the elements of first degree of smallness quadratic nonlinearity and forced excitation with the self-excitation of second degree of smallness Let us consider a nonlinear system described by the following differential equation: 
graphs.
The approximate solution of the equation (3.1) will be found in the form (2.2) with the amplitude (a) and phase (,P) satisfying the relations: ) aq . Denoting the right ltand sides of the equations (3.2) by X andY, respectively, we have:
where the subscript "0" means that the derivatives are calculated at stationary values ao, 1/Jo (3.3). (a = 0} of the system of equations (3.11) is unstable, because the characteristic equation of the linear terms of ( 3.11) has the roots with positive real part.
In the figure 4 the stable branches of resonance curves are shown by heavy lines, while the unstable ones-by dotted lines.
Conclusion
In the nonlinear system under consideration, the elements characterizing the first degree of smallness quadratic nonlinearity and nonresonance forced excitation (for brief, N-F-elements) have no effect on the oscillation in the first approximation. However, they interact oiie with another in the second approximation and appear as a parametric excitation with modulation of the product of their intensity (a, q). This means that each element (a and q) standing alone has no effect on the system and these elements have equal role. The resonance curve (Fig. 1) is bent to the right and cuts the frequency-axis at two points. This curve is typical for a nonlinear system with parametric excitation. The passage of the system under consideration through resonance has been examined (Fig. 2, 3 ).
In the second paragraph their interaction between these elements and the second degree of smallness resonance forced excitation has been studied. Some typical results for the interaction between parametric and forced excitations have been obtained. The interaction between N·F-elements and self·excitation is given in the paragraph 3. The resonance curves have oval forms (Fig. 4) and are bent either to the left or to the right, depending on the sign of the parameter -y.
